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Modification of catalysts with ILs
Supported Catalyst with IL Layer (SCILL)
Etzold	et	al.	Chem.	Eng.	Technol. 30,	985	(2007)
heterogeneous	catalyst
active	sites	dispersed
on	porous	support
coating	with
IL
SCILL	catalyst
• Through	the	IL-modification	the	selectivity	of	
heterogeneous	catalyzed hydrogenations	
could	be	increased	pronounced
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Modification of catalysts with ILs
Supported Catalyst with IL Layer (SCILL)
Etzold	et	al.	Chem.	Eng.	Technol. 30,	985	(2007)
Ni-cat
[BMIM][OcSO4]-Ni-cat
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Research Background
Efforts to improve ORR catalysts
• Numerous	efforts	have	ever	been	made	to	improve	the	Pt	
activity	for	ORR,	mainly	by	engineering	the	structures	of	
electrocatalyst .	
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Pt
Pt
An new approach
Transfer the SCILL Concept to E-Catalysis
Etzold	et	al.	Chem.	Eng.	Technol. 30,	985	(2007);	ACS	Appl.	Mater.	Interfaces	18,	3562-3570	(2015);	
Angew.	Chem.	Int.	Ed.,	55,	2257	(2016);	J.	Energ.	Chem.	25,	199	(2016)
Erlebacher et	al.	Nature	Mater.	9,	904	(2010);	Adv.	Funct.	Mater.	23,	5494	(2013);	J.	Electrochem.	Soc.	162,	H759	(2015)
23.11.17 |  07 Chemie  |  Ernst-Berl-Institut für Technische und Makromolekulare Chemie |  Prof. BJM Etzold |  11
11
Study	of	IL	modification	of	
commercial	state	of	the	art	
Pt/C	catalyst
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Materials
Catalyst:	 20	wt.%	Pt	on	carbon	(Johnson	Matthey	HiSPEC)
Electrolyte: 0.1	M	HClO4
IL	modification:
[Beti]-
[MTBD][NTf2]-
IL	anions IL	cations
[C4C1Im]
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Immobilization procedure
• Only	full	impregnation	or	uncontrolled	distribution:	
- Pipetting	IL	onto	catalysts
- Sucking	IL	into	pore	structure
- removing	excess	IL
• Immobilizing	a	controlled	amount	of	IL:
- Dissolving	precise	amount	of	IL	in	solvent
- Adding	catalyst	to	IL/solvent	mixture
- Controlled	slow	evaporation	of	solvent	under	stirring
àOnly	IL	remains	within	the	pore	structure
Variation	of	pore	filling	degree:	2	– 100	%
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Analysis
N2 Physisorption and IR Spectroscopy
• Excellent	control	of	pore	filling	degree.
• Typical	band	of	the	immobilized	IL	can	be	seen	in	IR
• No	bandshift i 	IR	observable
23.11.17 |  07 Chemie  |  Ernst-Berl-Institut für Technische und Makromolekulare Chemie |  Prof. BJM Etzold |  15
15
Structural Analysis
Transmission Electron Microscopy
• No	observable	change	in	Pt	NP	size	after	IL	modification
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16Etzold et al. ACS Appl. Mater. Interfaces 18, 3562-3570 (2015)
Polarization curve (O2 saturated)
Variation of pore filling with [MTBD][NTf2]
• Increasing	activity	with	increasing	IL	pore	filling	degree
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Specific activity
Pore filling degree variation
Etzold et al. ACS Appl. Mater. Interfaces 18, 3562-3570 (2015)
@0.95V @0.90V
• For	lower	potentials	and	higher	reaction	rates	an	optimum	for	
the	IL	pore	filling	degree	results
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Pore diffusion limitation
• O2 diffusion	coefficient	in	0.1	M	HClO4:	 1.9	× 10−5 cm2 s−1
• O2 diffusion	coefficient	in	[MTBD][NTf2]: 1.5	× 10−7 cm2 s−1
à Diffusion	length	within	the	IL	needs	to	be	kept	small
H2O/
HClO4
Ionic
Liquida =10%a = 0% a =100%
à Controlling	pore	filling	degree	accurately	is	highly	important
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What	is	the	origin	of	the	IL	
boosting	effect	for	Pt/C?
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Reason for activity increase:
O2 solubility?
Cation Anion O2 solubility	(mM)
[MTBD][NTf2] 2.2
[MTBD][Beti] 2.9
• Similar	activity	and	volcano	plot
• While	high	O2 solubility	can	be	
beneficial,	it	seems	not	to	be	the	
“limiting”	property.
G.R.	Zhang	et	al.	Angew.	Chem.	Int.	Ed.	55,	2257	(2016)
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Origin of Boosting Effect?
CO stripping
Zhang et al. Angew. Chem. Int. Ed., 10.1002/anie.201508338
• CO	chemisorbed on	Pt	is	oxidized	
during	a	linear	increase	of	the	
potential.
• Oxygenated	species	formed	at	Pt	
defects	oxidize	CO	at	lower	
potential	à prepeak.
• With	hydrophobic	IL	the	prepeak is	
strongly	suppressed.	Most	likely	as	
Pt	defects	are	protected	from	H2O
2H2O	+	Pt*à Pt-OHad +	H3O+ +	e-
Etzold	et	al.	Angew.	Chem.	Int.	Ed.	55,	2257	(2 16)
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Origin of Boosting Effect?
Hydrophobicity matters
Zhang et al. Angew. Chem. Int. Ed., 10.1002/anie.201508338
2H2O + Pt* Pt-OHad + H3O+ + e-
ØReaction media
ØReaction product
ØSource of catalyst poisons
Pt/C-fresh Pt/C-SCILL
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Origin of Boosting Effect?
CV cycling (N2 saturated)
• Number	of	blocked	Pt	sites	decreased	pronounced
• Active	surface	area	lowers	in	parallel
Etzold et al. ACS Appl. Mater. Interfaces 18, 3562-3570 (2015)
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Can	the	IL	be	designed	for	a	
better	boosting	effect	on	Pt/C?
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Cation Anion O2 solubility	(mM)
[C4C1][NTf2] 2.3
Reducing ECAS loss
Engineering IL cation
Cation Anion O2 solubility	(mM)
[MTBD][NTf2] 2.2
Etzold	et	al.	Angew.	Chem.	Int.	Ed.	55,	2257	(2016)
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Reducing ECAS loss
Engineering IL cation
• Only	minor	drop	of	ECAS
• Strongly	reduced	coverage	of	oxygenated	species	on	Pt
Etzold	et	al.	Angew.	Chem.	Int.	Ed.	55,	2257	(2016)
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Selectivity
Rotating Ring Disc Measurements
• The	mole	fraction	of	H2O2 formed	during	ORR	
is	low r	than	3%	 or	both	s mples
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Stability
Cycles: 0.4 to 1.1 V in O2-saturated 0.1 M HClO4
• IL	modified	catalysts	shows	good	stability	over	30.000	cycles
Etzold	et	al.	Angew.	Chem.	Int.	Ed.	55,	2257	(2016)
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Short	outlook	on	IL	modification	
of	non-noble	catalysts
Cooperation	with	Ulrike	Kramm
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Materials
Fe-N-C:	 - iron	acetate, phenanthroline,	dicyandiamide
- mixing	and	pyrolysis	at	800	°C	(N2)
- HCl washing,	water	washing
- heat	treatment	800	°C
Electrolyte: alkaline	0.1	M	NaOH
IL	modification: [BMMIm][NTf2]
Etzold,	Kramm et	al.	J.	Power	Sources	minor	revision
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Characterization
pristine Fe-N-C catalyst
Mößbauer spectroscopy
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Etzold,	Kramm et	al.	J.	Power	Sources	minor	revision
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Electrocatalytic performance
pristine Fe-N-C catalyst
Etzold,	Kramm et	al.	J.	Power	Sources	minor	revision
• Pronounced	increase	in	activity	with	IL	content	up	to	35	%
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Electrocatalytic performance
pristine Fe-N-C catalyst
• Pronounced	increase	in	activity	with	IL	content	up	to	35	%
• At	50	%	pore	filling	degree	activity	behaviour	changes
• Mößbauer shows	no	differences	for	modified	catalyst
Etzold,	Kramm et	al.	J.	Power	Sources	minor	revision
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Origin of Boosting Effect?
Double-Layer-Capacitance
Etzold,	Kramm et	al.	J.	Power	Sources	minor	revision
• Pronounced	increase	in	capacitance	with	IL	content	up	to	35	%
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Origin of Boosting Effect?
Double-Layer-Capacitance
• Pronounced	increase	in	capacitance	with	IL	content	up	to	35	%
• At	50	%	pore	filling	degree	DL-capacitance	behaviour	changes
Capacitance	increase	correlates	with	activity	increase
à IL	seems	to	make	existing	active	sites	more	accessible
Etzold,	Kramm et	al.	J.	Power	Sources	minor	revision
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Stability
1650 cycles
• IL	modified	Fe-N-C	catalysts	show	similar	or	better	stability	that	
pristine	catalyst
Etzold,	Kramm et	al.	J.	Power	Sources	minor	revision
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Conclusion
• IL	modification	is	an	new	
methodology	to	engineer	nonble
and	non-noble	electrocatalysts.	
• Pore	diffusion	limitation	induced	
by	the	viscous	IL	can	be	reduced	
through	partial	filling	of	the	
particles.
• When	structure-activity	relation-
ships	are	known,	molecular	
variation	of	anion	and	cation	can	
be	employed	for	catalyst	tuning.
• Current	scope:	transfer	to	fuel	cell
G.R.	Zhang	et	al.	Angew.	Chem.	Int.	Ed.	55,	2257	(2016)
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